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4) K Claim(s) 1 and 3-14 is/are pending in the application. 
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5) D Claim(s) is/are allowed. 

6) ^ Claim(s) 1^14 is/are rejected. 
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Application Papers 

9) Q The specification is objected to by the Examiner. 
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DETAILED ACTION 

1 . This office action is in response to the amendment/request for continued 
examination (RCE) dated 9/22/03. Currently, claims 1 and 3-14 are pending. 

Withdrawal of Previous 35 U.S.C 112 Rejection 

2. The applicant's amendment to claims 3 and 1 0-1 2 is sufficient to overcome the 
previously applied 35 U.S.C 1 12 2nd paragraph rejection of these claims. Accordingly, 
this rejection is withdrawn. 

Claim Rejections - 35 USC § 103 

3. The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

4. Claims 1-7 and 9-13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Sugita et al. (US4687712) in view of Hokkyo et al. (US6387483), and Michaelsen 
et al. (US4245008). 

5. Claim 1 requires a magnetic recording medium comprising a non-magnetic 
substrate, at least two soft magnetic layers divided by a separate layer therebetween, 
each of said at least two soft magnetic layers having a thickness that prevents a non- 
uniformity of a crystal structure; and at least one magnetic layer formed on the subtrate 
via the at least two soft magnetic layers, wherein the surface roughness Ra of the 
medium is at most 50 angstroms, and the product nmax*t of the maximum permeability 
(pimax) and the thickness (t) is at least 1,000,000 H*a/m. 

6. With respect to these limitations, Sugita et al. teaches a vertical (perpendicular) 
magnetic recording medium comprising a substrate that has been coated with 
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alternating layers of permalloy and a non-magnetic layer, wherein a vertical magnetic 
recording medium is deposited on the outermost permalloy layer (column 2, line 65- 
column 3, line 10). It is well known in the art that Permalloy is a soft magnetic material. 
Further, Sugita et al. specifically teaches an example, wherein a 50^m thick polymer 
substrate is coated with a triple layer structure of permalloy/non-magnetic material, 
wherein the triple layer comprises three 1200 angstrom thick permalloy layers 
alternately laminated with a Ti interlayer, and a 2000 angstrom thick Co-Cr 
perpendicular recording layer on the upper permalloy layer (column 5, lines 20-39). 
7. Regarding the requirement in claim 1 that the soft magnetic layers have a 
thickness that prevents non-uniformity of crystal structure. The applicant on page 9, line 
21 -page 10 line 4 of the instant specification discloses that the thickness of the soft 
magnetic layer impacts the uniformity of the crystal structure of the soft magnetic layer, 
with non-uniformity of crystal grains increasing with thickness of the soft magnetic layer, 
and that this property is manifested by an increase in surface roughness. Further, the 
applicant discloses on page 13, lines 10-25 of the instant specification that the thickness 
of the soft magnetic layers is preferably no greater then 4000 angstroms, more 
preferably no greater than 1 500 angstroms, and preferably greater than 100 angstroms, 
more preferably grater than 300 angstroms. The applicant states that if the soft 
magnetic layer is too thick, the roughness increases, and if the soft magnetic layer is too 
thin, adequate yoke effect cannot be obtained. Thus, the examiner takes the position 
that the specific example cited at column 5, lines 20-38 of Sugita meets the applicants 
claimed "thickness that prevents non-uniformity of crystal grains" as the this example 
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utilizes multiple 1200 angstrom permalloy layers, and 1200 angstroms falls completely 
within the optimum thickness range (300-1500 angstroms) cited in the instant 
specification as being suitable for use. 

8. Regarding the |imax*t requirement of claim 1 . It is noted that Permalloy is well 
known in the art to be comprised of various NiFe alloys. The applicant admits on page 
1 1 of the specification that NiFe alloys have a jimax of ~330H/m. It is the examiners 
position that the Permalloy alloy utilized by Sugita will exhibit a ^max of at least this 
value. Thus, for the example above wherein 3600 angstroms of Permalloy employed, 
the soft magnetic material will exhibit a nmax*t of 1 152000 H*a/m. Thus, this limitation 
in claim 1 is met. 

9. However, Sugita does not teach a magnetic recording medium wherein the 
medium has a surface roughness Ra of <50 angstroms, as required by claim 1 . 

10. With respect to this deficiency, Hokkyo et al. teaches a perpendicular magnetic 
media that comprises a substrate that has been coated with a thin smoothness control 
layer, wherein the smoothness control layer is further coated with a soft magnetic layer 
and the soft magnetic layer is coated with a perpendicular magnetic recording layer 
(column 2, lines 8-14). Hokkyo states that in perpendicular magnetic recording media, 
poor surface smoothness of the soft magnetic layer degrades the perpendicular 
orientation of the perpendicular magnetic layer formed on the soft magnetic layer 
(column 1 , lines 60-67). Hokkyo teaches that adding a smoothness control layer that 
possesses excellent surface smoothness results in subsequent layers formed on top of 
the smoothness control layer also exhibiting improved smoothness (column 2, lines 15- 
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25). Magnetic media with improved surface smoothness exhibit higher recording 
density, lowered noise, and improved read output voltage (column 2, lines 23-25). 

1 1 . Therefore it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to add a smoothness control layer as taught by Hokkyo 
between the substrate and the first soft magnetic layer taught by Sugita et al. 

12. One would have been motivated to make this modification due to the teaching in 
Hokkyo that the smoothness of a magnetic recording medium can be improved through 
the addition of a smoothness controlling layer between the substrate and a soft 
magnetic layer in a magnetic recording medium, and that improving the smoothness of 
the media results in improved recording density, noise, and read output voltage. 

13. Further, referring to figures 7 and 8 of Hokkyo, it is clearly shown that the 
smoothness control layer improves the roughness of the soft magnetic layer, and that 
there is a strong correlation between the roughness of the magnetic recording layer and 
the roughness of the soft magnetic underlayer film. Thus, as the smoothness control 
layer serves to improve the surface roughness of the soft magnetic layer, it necessarily 
improves the smoothness of the magnetic recording layer (column 10, lines 34-47). 
More specifically, as the roughness of the smoothness control layer increases, the 
roughness of subsequent layers increases, whereas if the roughness of the smoothness 
control layer decreases, the smoothness of subsequent layers also decreases. Thus, 
the examiner takes the position that the smoothness of the magnetic smoothness 
control layer is a results effective variable, and it would have been obvious to one of 
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ordinary skill in the art to optimize the smoothness control layer to be as smooth as 
possible in order to obtain a magnetic recording layer that is as smooth as possible. 

14. Regarding claim 3, wherein the applicant requires the recording medium to have 
between 2-20 soft magnetic layers, with a separate layer between adjacent soft 
magnetic layers. This limitation is met as set forth above for claim 1. 

1 5. Regarding claim 4, wherein the applicant requires to total thickness of the soft 
magnetic layers and the separate layers to be in the range of 500-10,000 angstroms. 
The example cited above for claim 1 specifically utilizes 1200 angstrom Permalloy 
layers separated by Ti spacer layers. Though Sugita does not specifically state the 
thickness of the Ti layers in this example, Sugita teaches that the thickness of the non- 
magnetic layer must be between 10-500 angstroms (column 3, lines 19-30), and 
teaches a specific example wherein multiple Permalloy layers are separated by 150 
angstrom Ti layers (column 6, lines 20-35). 

16. Therefore it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to utilize 150 angstrom thick Ti layers in the example cited by 
Sugita at column 5, lines 20-40, as Sugita teaches that the separator layers must be 
between 10-500 angstroms thick, and Sugita specifically teaches that 150 angstrom 
thick TI layers are suitable for separating multiple Permalloy layers. 

17. Thus, the limitations of claim 4 are met when three 1200 angstrom thick 
Permalloy layers and two 150 angstrom thick Ti layers, resulting in the stack having a 
total thickness of 3800 angstroms. 
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1 8. Regarding claims 5 and 6, wherein the applicant requires the ratio of the 
thickness of the soft magnetic layers to the thickness of the separator layers to be in the 
rage of 1:0.05-1:0.5, more specifically 1:0.07-1:0.2. This limitation is met as stated 
above for claim 4, wherein the ratio of total permalloy thickness/total separator 
thickness is 1/.0833 (3600/300). 

1 9. Regarding claim 7, wherein the applicant requires the separate layers to be non 
magnetic. This limitation is met by the example stated above for claim 1 , which utilize Ti 
(a known non magnetic) as the material for the separator layers. 

20. Regarding claim 9, wherein the applicant requires the thickness of the separator 
layers to be in the range of 50-300 angstroms, this limitation is met as set forth above 
for claim 4. 

21 . Regarding claim 10, wherein the applicant requires the maximum permeability of 
the soft magnetic material is in the range of 10-1,000,000 H/m. this limitation is met as 
set forth above for claim 1 . 

22. Regarding claim 1 1 , wherein the applicant requires the soft magnetic to have 
coercivity *100 oersted. This limitation is met by the example stated above for claim 1 , 
which utilizes Permalloy as the soft magnetic material. Permalloy is known in the art to 
have a coercivity below 50 oersted, as shown by Michaelsen (column 2, lines 65-68). 

23. Regarding claim 12, wherein the applicant requires, the soft magnetic layer to be 
made of NiFeMo or NiFe alloy. This limitation is met as set forth above for claim 1, as 
Permalloy is a known NiFe alloy. 
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24. Regarding claim 13, wherein the applicant requires the medium to be a 
perpendicular recording medium. This limitation is met as set forth above for claim 1. 

25. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Sugita et 
al. as modified by Hokkyo et al. and Michaelson as applied to claims 1-7, and 9-13 
above, and further in view of Lai et al. (US58341 1 1 ). 

26. Sugita et al. as modified by Hokkyo et al. and Michaelson does not teach a 
magnetic recording medium that comprise a substrate that has been coated with a 
plurality of alternating layers of a soft magnetic layer and a separation layer, wherein the 
separation layer comprises chromium or an alloy containing chromium as the main 
component, as required by claim 8. 

27. However, Lai et al. teaches a magnetic recording medium comprising a 
substrate, a chromium underlayer formed on the substrate, a multilayer magnetic film 
comprising 1st and 2nd magnetic layers formed on the chromium underlayer, an 
isolation layer between the first and second magnetic layers, and a wear resistant over 
coat (column 1 , lines 62-67). The non-magnetic isolation layer is manufactured from one 
of chromium, titanium, molybdenum, zirconium aluminum, etc.... (Column 4, lines 8-15) 

28. Therefore it would have been obvious to one of ordinary skill in art at the time the 
invention was made to substitute chromium for titanium as the spacer layers in the 
multilayer magnetic media taught by Sugita et al. as modified by Hokkyo et al. and 
Michaelson 
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29. One would have been motivated to make this modification due to the teaching in 
Lai et al. that titanium and chromium are equivalent materials for use as a spacer layer 
between two magnetic layers. 

30. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Sugita et 
al. as modified by Hokkyo et al. and Michaelson as applied to claims 1-7, and 9-13 
above, and further in view of Kanbe et al. (US6221508). 

31 . Sugita et al. as modified by Hokkyo et al. and Michaelson does not teach a 
magnetic recording apparatus comprising a magnetic recording medium, a driving 
means to drive the magnetic recording medium in a recording direction, a magnetic 
head provided with a recording section and a reproducing section, a means to relatively 
move the magnetic head against the magnetic recording medium, and a 
recording/reproducing signal treating means to input recording signals to the magnetic 
head and to output reproducing signals from the magnetic head, wherein the magnetic 
recording medium is a magnetic recording medium as defined in claim 1 , as required by 
claim 14. 

32. However, Kanbe et al. teaches a magnetic storage apparatus that comprises a 
magnetic head assembly, a head drive unit, a processor unit for processing recording 
and playback signals from the head, a magnetic medium, and a drive unit for rotation of 
the magnetic medium (column 6, lines 20-32). The magnetic head comprises a 
recording and a reading element (column 6, lines 35-37). The magnetic medium is a 
multilayer magnetic media comprising a substrate, 1 or more underlayers, a recording 
layer, and a protective layer (column 7, lines 24-49). 
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33. Therefore it would have been obvious to one with ordinary skill in the art to utilize 
the magnetic recording medium described by Sugita et al. as modified by Hokkyo et al. 
and Michaelson in the magnetic recording apparatus described by Kanbe et al. 

34. One would have been motivated to utilize the recording media of Sugita et al. as 
modified by Hokkyo and Michaelson in a recording apparatus such as that described by 
Kanbe et al. due to the teaching in Kanbe et al. that such an apparatus is suitable for 
reading and recording magnetic media that comprises at the most basic level a. 
substrate, one or more underlayers, and recording layer, and the teachings in Sugita et 
al. as modified by Hokkyo et al. of a magnetic recording media that comprises a 
substrate, multiple underlayers, and a recording layer. 

Response to Arguments 

35. Applicant's arguments filed 9/22/03 have been fully considered but they are not 
persuasive. In the instant case the applicants sole argument is that the cited prior art 
does not teach that the soft magnetic layers have a thickness which prevent non- 
uniformity of a crystal structure, and thus the applicants have recognized and solved a 
problem in the prior art. This argument is unpersuasive. The applicant in the instant 
specification states that the most suitable range of thickness for each individual soft 
magnetic layer is between 300-1500 angstroms, as set forth above at section 7 of this 
office action. The prior art explicitly teaches an example wherein multiple soft magnetic 
layers having a thickness within the applicant's stated optimum range. The applicant 
has not argued that the claimed non-uniformity in crystal structure is impacte dby any 
other fact aside from the thickness of the individual soft magnetic layers. Thus, as the 
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prior art clearly teaches an example utilizing films that have a thickness encompassed 
by the optimum range elucidated by the instant specification, this argument is not 
persuasive. 



Any inquiry concerning this communication or earlier communications from the 



0179. The examiner can normally be reached on Mon-Fri 7:30 am - 5 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Paul Thibodeau can be reached on 703-308-2367. The fax phone number 
for the organization where this application or proceeding is assigned is (703) 872-9306. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-305- 
0389. 



Conclusion 



examiner should be directed to Nikolas J. Uhlir whose telephone number is 703-305- 
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Paul Thibodeau 
Supervisory Patent Examiner 
Technology Center 1700 



